Correspondence: The present study explores the correlation of human epidermal growth factor receptor-2 (HER-2) protein expression with sentinel lymph node (SLN) metastasis and prognosis of breast cancer. The breast cancer tissues and adjacent tissues were obtained from patients with primary breast cancer. Quantitative real-time polymerase chain reaction (qRT-PCR) was performed to detect the mRNA level of HER-2. Spearman correlation analysis was used to analyze the correlation of HER-2 expression with SLN metastasis. The disease-free survival (DFS) and overall survival (OS) of breast cancer patients were investigated. Univariate and multivariate analyses were performed to explore factors influencing SLN metastasis and prognosis of breast cancer. Compared with adjacent tissues, HER-2 expression was significantly up-regulated in breast cancer tissues. HER-2 expression was correlated with the pathological type, tumor node metastasis (TNM) staging, histological grade, blood vessel invasion, SLN metastasis, estrogen receptor (ER), and progesterone receptor (PR). The expression level of HER-2 was positively related to the SLN metastasis (r=0.548). Median DFS and OS were longer in patients with negative HER-2 expression than in patients with positive HER-2 expression. TNM staging, SLN metastasis, and expression levels of HER-2 and ER were independent factors for DFS of breast cancer patients, while TNM staging, blood vessel invasion, histological grade, SLN metastasis, and expression levels of HER-2 and PR were independent factors for OS of breast cancer patients. Our study suggests that high expression of HER-2 promoted SLN metastasis. HER-2 expression and SLN metastasis were the independent factors for the prognosis of breast cancer.
Introduction
As the most common malignancy and the primary cause of tumor death in women around the world, breast cancer accounts for 25% of overall cancer cases and 15% female cancer deaths [1] . The incidence and mortality of breast cancer differ very remarkably in different countries and regions, with the highest rates in Europe and North America but the lowest rates in Asia [2] . Age, ethnicity, use of acyeterion, a family history, reproductive and endocrine factors, hormone therapy, obesity, excessive drinking, smoking, and lack of physical exercise have all been identified as the potential risk factors for breast cancer [3] .
Over the past few years, the application of preventive measures, the early detection and diagnosis, and timely treatment for breast cancer have contributed to the significant reduction in death [4] . The sentinel lymph node biopsy (SLNB) is a highly sensitive, accurate, and secure way of diagnosing early breast cancer and predicting the metastasis status of breast cancer [5] . At present, the main treatments of breast cancer include surgery, radiotherapy and chemotherapy, and hormonal therapy [6, 7] . Due to the complex pathogeny of breast cancer, more and more attention is being paid to the prognosis of patients with breast cancer, particularly from the perspective of molecular biomarkers [8] .
Human epidermal growth factor receptor-2 (HER-2), also designated as HER-2/neu, c-erbB2, or ErbB2, is a 185 kDa transmembrane oncoprotein consisting of three distinct parts: an extracellular ligand-binding domain (ECD), a single α-helix transmembrane domain, and an intracellular tyrosine kinase domain [9] . HER-2 is a member of epidermal growth factor receptors (EGFRs) family, which is composed of four structurally similar proteins: HER1, HER2, HER3, and HER4 [10] . This receptor has a close correlation with cellular growth, apoptosis, proliferation, differentiation, angiogenesis, and aggression by regulating various signaling pathways [11] . It has been proved that HER-2 gene amplification and protein overexpression play an essential role in the development of many types of solid tumors, such as breast, gastric, uterine cervix, bladder, and esophageal cancers [12] [13] [14] . In addition, the overexpression of HER-2 is directly linked with higher invasion and worse prognostic effects in breast, gastric, prostate, and other kinds of tumors [15, 16] . Although there were many studies exploring the association of HER-2 with the detection, diagnosis, and prognosis of breast cancer, only a few researches focused on the relationship between HER-2 and SLN metastasis and prognosis in breast cancer. The present study is conducted to investigate the correlation of HER-2 protein expression with SLN metastasis and prognosis in breast cancer so as to test if HER-2 is a potential marker in sentinel lymph node (SLN) metastasis and prognosis of breast cancer.
Materials and methods

Ethical statement
The present study was approved by the Ethical Committee of Ningbo Yinzhou No. 2 Hospital. All patients have a good understanding of the present study and signed written informed consents.
Study subjects
From January 2010 to June 2014, 316 female patients with primary breast cancer undergoing radical mastectomy or modified radical mastectomy in the Department of Surgical Oncology of Ningbo Yinzhou No. 2 Hospital were enrolled in the present study. All patients were confirmed pathologically and had not received any medication, radiotherapy, and chemotherapy before surgery. Their medical records and other related materials were complete. In addition, all patients had neither tumors in other parts of body nor a history of combined heart, liver, kidney, and other system diseases. The age of selected patients was 27-78 years old, with a mean age of 48.6 + − 15.3 years old. According to the tumor node metastasis (TNM) staging developed by the Union for International Cancer Control (UICC) in 2003 [17] , there were 54 patients in stage I, 151 patients in stage II, 64 patients in stage III, and 47 patients in stage IV. Based on Scarff-Bloom-Richardson (SBR) grading [18] , the histological grade was classified into three levels: grade I (highly differentiated) (n=37), grade II (moderately differentiated) (n=163), and grade III (lowly differentiated) (n=116). In accordance with the criteria of 2001 Chinese Pathological Classification of Tumors, the histopathological classification of breast cancer was divided into 31 invasive patients, 17 noninvasive patients, and 268 nonspecific invasive patients.
Specimen collection
The tumor tissues of breast cancer and the surrounding area within 5 cm of tumor tissues were regarded as the cancer area, namely the breast cancer tissues. The normal breast tissues that were approximately 3-5 cm of the cancer area were selected as the adjacent tissues of breast cancer, which were confirmed to be absent of atypia by pathological sections. The breast cancer tissues and corresponding adjacent tissues of all included patients were obtained. All pathological specimens were fixed with formalin, embedded with paraffin, and sliced into 4 μm serial sections prepared for further use.
Quantitative real-time polymerase chain reaction
For the quantitative real-time polymerase chain reaction (qRT-PCR) analysis, total RNA was isolated from the sections using miRNeasy micro kit (QIAGEN, GmbH, Germany). PrimeSeriPt@RT reagent Kit (Perfect Real Time) (TaKaRa, Tokyo, Japan) was applied for reverse transcription of total RNA to cDNA. The conditions of reverse transcription were as follows: 15 min at 37
• C, and 5 s at 85 • C. The samples were reserved at −20 • C (the extracted procedure was similar to the vector construction). ABI PRISM 7500 real-time PCR System (ABI Company, Oyster Bay, NY, U.S.A.) was used for qRT-PCR amplification. PCR reaction conditions: predenaturation at 94
• C for 5 min, followed by 35 cycles of denaturation at 94
• C for 45s, annealing at 58 • C for 45s, and extension at 72 • C for 1 min. PCR reaction system (25 μl) was performed as follows, 10× PCR Buffer (2.5 μl), 25 mmol/l MgCl 2 (1.5 μl), 10 mmol/l dNTP (0.5 μl), 10 mmol/l Primer (1 μl/l), 1 nmol/l Probe (2.5 μl/l), 5 μl/l, Taq (0.25 μl), cDNA (2.5 μl), sterile distilled water (15 μl). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served as an internal reference. The primer sequences were shown in Table 1 . Relative quantification was calculated using the 2
Immunohistochemistry
The protein levels of estrogen receptor (ER), progesterone receptor (PR), and HER-2 were measured with streptavidin-peroxidase (SP) kit (Batch number: SP-9000; Beijing Zhongshan Biotechnology Co., Ltd, Beijing, China). The tissue sections were dehydrated with dimethylbenzene and gradient alcohol, retrieved with citrate antigen retrieval buffer of pH 7.2-7.4, and washed with phosphate buffer solution (PBS) for three times. Blocked with 5% albumin bovine serum (BSA) for 20 min, the tissue sections were subsequently stored at 4
• C overnight with the addition of 50 μl of mouse anti-human HER-2 monoclonal antibody (dilution, 1: 500, Wuhan Boster Biological Technology Co., Ltd, Wuhan, China), followed by washing three times with PBS. And then second antibody, goat anti-mouse IgG (Wuhan Boster Biological Technology Co., Ltd, Wuhan, China), was added for the incubation at 37
• C for 20 min. The sections were developed with diaminobenzidine (DAB) and counterstained with hematoxylin. After dehydration with gradient alcohol and mounted in neutral gum, the sections were finally observed under the light microscope. The positive HER-2 cells were mainly evaluated by cell membrane staining. The assessment contained four levels: (-) represented no membrane coloration, (+) indicated weak and incomplete membrane coloration, (++) meant complete but uneven brown membrane coloration of over 10% cells ranging from weak to moderate strength, or strong and complete brown membrane coloration of less than 30% cells, and (+++) represented strong and complete brown membrane coloration of over 30% cells. HER-2 was considered as positive with a level of (+++) and negative with a level of (-), (+), or (++) [19] .
Determination of SLN metastasis
SLN of breast cancer patients undergoing radical mastectomy or modified radical mastectomy was obtained. Then 2 ml of 1% Patent Blue was diluted to 4 ml and injected into upper, lower, left, and right areas around the lump. Fifteen minutes after injection, the skin flap was freed in routine method and blue-stained lymph vessel was subsequently identified. The blue-stained lymph node nearest to tumor was recognized as SLN, which was removed for further inspection. All SLN tissues were embedded in paraffin and sliced into normal sections. There were two sections for each SLN, one for hematoxylin-eosin (HE) staining and the other for immunohistochemistry (IHC) staining performed with mouse anti-human CK19 antibody. The selected SLNs were examined by the methods of routine pathological section (1-2 sections cut along the maximal diameter of lump and HE staining) and CK19 IHC. The SLN metastasis was determined as positive only when both results were positive. The interval serial section method (slice interval: 500 μm) was applied if CK19 IHC was positive and pathological section was negative, followed by the performance of routine HE staining for the second time. The SLN metastasis was classified into the positive expression if the staining was positive, otherwise it was regarded as the negative expression (remove of false positive) [20] .
Follow-up
A 48-month follow-up was conducted on all patients by June 2016. The duration was defined as the time from the first day of surgery until the date of death, loss to follow-up or the last time of follow-up. During this period, patients died of other causes, lost to follow-up or still alive by the end of follow-up were all recorded as censored. Those who were lost to follow-up were processed by recording the last time of follow-up. Follow-up information was collected by means of outpatient service, telephone, or medical record review. The survival time was calculated on the basis of month. Disease-free survival (DFS) referred to the period between the first day after surgery and the time when recurrence or metastasis occurred for the first time. Overall survival (OS) began from the first day after surgery and ended at the time of death or the last time of follow-up. 
Statistical analysis
Statistical analysis was carried out using SPSS 21.0 software (SPSS, Chicago, U.S.A.). Measurement data were displayed as mean + − standard deviation (SD) (x + − s), in which the comparison between two groups of normally distributed measurement data was analyzed by t-test. Enumeration data were expressed as percentage or rate and tested by chi-square test. The correlation was determined by Spearman correlation analysis. Kaplan-Meier survival curve was used for univariate analysis and Log-rank test was adopted for survival curve analysis. Cox proportional hazard regression model was applied for multivariate analysis. P<0.05 was considered as statistically significant.
Results
HER-2 expression in breast cancer tissues and adjacent tissues
HER-2 expression in breast cancer tissues and adjacent tissues was detected by SP. The results indicated that weak and incomplete cell membrane coloration was observed in adjacent tissues, while strong and complete brown cell membrane coloration was found in breast cancer tissues ( Figure 1A and B) . The statistical analysis demonstrated that the positive expression rate of HER-2 was significantly up-regulated in breast cancer tissues compared with adjacent tissues (P<0.05) ( Figure 1C ), which indicated a higher level of HER-2 expression in breast cancer tissues.
Associations of HER-2 expression with clinicopathological features of breast cancer
The analysis of HER-2 protein level and clinicopathological features of breast cancer demonstrated that HER-2 expression and HER-2 mRNA level were not associated with the age, menstrual condition, and tumor size of patients with breast cancer (all P>0.05), but was correlated with the pathological type, TNM staging, histological grade, blood vessel invasion, SLN metastasis, and expression levels of ER and PR (all P<0.05) ( Table 2 ). Spearman correlation analysis was used to determine the correlation of HER-2 expression, HER-2 mRNA level, and expression levels of ER and PR with SLN metastasis. The results revealed that the positive rate of HER-2 was higher in patients with SLN metastasis than in patients without SLN metastasis, and that HER-2 expression and HER-2 mRNA level were positively correlated with SLN metastasis (r=0.548, P<0.001; r=0.221, P<0.001), while the expression levels of ER and PR were negatively related to SLN metastasis (r = −0.279, P<0.001; r = −0.293, P<0.001) .
Correlations of HER-2 expression and SLN metastasis with survival of patients with breast cancer
From the first day of surgery to June 2016, all patients were followed up to investigate their survival time, among which 26 patients who lost to follow-up were processed by recording the last time of follow-up. Kaplan-Meier survival curve indicated that the median DFS and OS of patients with negative HER-2 expression were 33.3 and 45.8 months respectively, but those of patients with positive HER-2 expression were 21.2 and 39.8 months respectively, and that the median DFS and OS of patients without SLN metastasis were 45.8 and 45.4 months respectively, but those of patients with SLN metastasis were 18.8 and 41.6 months respectively. Log-rank test demonstrated that median DFS and OS were significantly longer in patients with negative HER-2 expression than in patients with positive HER-2 expression, and that median DFS and OS were notably longer in patients without SLN metastasis than in patients with SLN metastasis (all P<0.05) (Figure 2 ).
Univariate analysis of SLN metastasis and prognosis of patients with breast cancer
The clinicopathological features of breast cancer patients, including age, menstrual condition, tumor size, pathological type, TNM staging, histological grade, blood vessel invasion, SLN metastasis, and HER-2 expression, were included in univariate analysis. The results pointed out that tumor size, TNM staging, histological grade, and expression levels of HER-2, ER, and PR were factors for SLN metastasis (all P<0.05). It was also found that TNM staging, histological grade, blood vessel invasion, SLN metastasis, and expression levels of HER-2, ER, and PR would all affect DFS and OS of patients with breast cancer (all P<0.05). In addition, tumor size was the factor for DFS of patients with breast cancer (Table 3 ). 
Multivariate analysis of SLN metastasis and prognosis of patients with breast cancer
Logistic regression model was used to analyze multiple factors that were shown to exert an effect on SLN metastasis in univariate analysis. The results manifested that tumor size, TNM staging, histological grade, and expression levels of HER-2, ER, and PR were independent factors for SLN metastasis of breast cancer (all P<0.05). Cox proportional hazard regression model was applied to analyze factors that were proved to affect the prognosis of breast cancer in univariate analysis. It was suggested that TNM staging, SLN metastasis, and expression levels of HER-2 and PR were independent factors affecting the DFS of patients with breast cancer (all P<0.05), and that TNM staging, blood vessel invasion, histological grade, SLN metastasis, and ER expression level were independent factors influencing the OS of patients with breast cancer ( Table 4) .
Discussion
With an estimated global incidence rate of 1.6 million annually, breast cancer is the most frequent malignancy in females [21] . Although its mortality rate has reduced since 1990, the fact that clinical characteristics of breast cancer patients vary from one to another based on their age, tumor grade, tumor stage, ER and PR status, and other noncancer-related factors posed a great challenge to seek biomarkers or combined markers for the improvement of diagnosis, prognosis, and prediction of breast cancer [22] [23] [24] [25] . The present study investigated the link between HER-2 protein expression and SLN metastasis and prognosis in breast cancer in order to examine whether HER-2 could be used as a possible biomarker in identifying breast cancer or not. The present study found that HER-2 expression was significantly higher in breast cancer tissues compared with adjacent tissues, which was positively correlated with SLN metastasis of breast cancer. These results suggested that higher expression of HER-2 promoted SLN metastasis in breast cancer. HER-2 is a cancer-related antigen of EGFR family that is involved in the tumorigenesis and tumor invasion [26] . It plays a key role in cell survival, apoptosis, aggression and differentiation, and the overexpression of HER-2 protein results in cellular malignant transformation in many kinds of tumors, including breast cancer, prostate cancer, ovarian cancer etc. [15] . HER-2 has been found to be overexpressed in 15-20% of primary breast cancers and related to worse prognosis and rising possibility of lymph node metastasis [27, 28] . Cabioglu et al. [29] also pointed out that HER-2 overexpression might be a biological signature in predicting the SLN metastasis in patients with small breast cancers. Furthermore, it was shown that there was a close correlation between HER-2 overexpression and nodal metastasis because of the boost of HER-2 on cell proliferation, migration, and metastasis in breast cancer [30] . In addition, the present study showed that the expression of HER2 in breast cancer tissues was correlated with the expression levels of ER and PR. ER and PR are considered to be predictive markers for the patient response to hormonal therapy in breast cancer [31] . A previous study has demonstrated that changes in HER2 coexist with other prognostic factors such as the absence of ER and PR [32] . Moreover, the data show that the expression of ER and PR is highly associated between the breast cancer and SLN metastasis [33] . The molecular mechanism involved in the tumor metastasis to SLN remains relatively poorly understood, but it has been proved that the expression of vascular endothelial growth factor C (VEGF-C) is a potential pathogenesis [34] . VEGF-C, a ligand of VEGF receptor-3 (VEGFR-3), is a tyrosine kinase receptor that is expressed mostly in lymphatic endotheliocytes [35] . It is a key factor that promotes lymph node metastasis of tumor cells by increasing lymphangiogenesis in the SLN in a variety of cancers, including breast cancer [36] . It was demonstrated that there was a correlation between VEGF-C overexpression and the increased SLN risk in breast cancer patients [37, 38] . Besides, HER-2 overexpression was proved to be correlated with the increased expression of VEGF-C in breast cancer, indicating that HER-2 was a mediator of SLN [39] .
The present study also demonstrated that median DFS and OS were higher in patients with negative HER-2 expression than in patients with positive HER-2 expression, indicating that a higher HER-2 protein expression meant shorter survival rate. Multivariate analysis further showed that SLN metastasis and HER-2 expression were independent factors of DFS and OS of breast cancer patients. The results indicated that HER-2 was an important biomarker in the prognosis of breast cancer patients. HER-2 overexpression has been proved to be a strong biochemical marker for breast cancer prognosis [40] . It has also been proved that tumors with positive expression of EGFR protein had a significantly shorter survival time, suggesting a negative correlation of HER-2 protein expression with patients' survival [41] . In addition, it was further revealed that the survival was worse and the overall relapse time was shorter in patients with positive HER-2 expression and lymph node metastasis than in patients with negative HER-2 expression and without lymph node metastasis [39] . Thus, the up-regulation of HER-2 was linked to a poorer prognosis in breast cancer [42] . Due to the great significance in the prediction and prognosis of breast cancer, HER-2 status has now become an important index for the evaluation of breast cancer patients [43] .
In summary, the present study revealed that high expression of HER-2 was associated with SLN metastasis and poorer prognosis of breast cancer. It indicated that HER-2 might be a potential biomarker in the diagnosis and prognosis of breast cancer, laying a foundation for future HER-2-targeted therapy for breast cancer. Because the patients selected in the present study were all from Ningbo Yinzhou No. 2 Hospital, so the results can only represent the conditions in local area and cannot be applicable to patients in other areas. Besides, as a large number of previous researches focusing on the correlation of HER-2 with the prognosis of breast cancer have been carried out, it poses a great challenge for us to make innovation in this field. Moreover, due to small sample size in the present study, the correlation value between HER-2 and SLN metastasis is 0.548, which is a moderate correlation value. We would enlarge sample size in future studies to examine the clinical value of HER-2 in breast cancer.
